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(54) Title: ANTI-BACTERIAL AGENTS 

(57) Abstract: A panel of bacteriophages comprising a first vir mutant bacteriophage capable of infecting and lysing a first strain of 
bacteria, and a second vir mutant capable of infecting and lysing a second strain of bacteria. A pharmaceutical composition including 
a panel of bacteriophages disclosed above. A method of identifying a bacteriophage suitable for killing a bacterium by obtaining a 
sample of the bacterium from a patient or site infected with the bacterium, identifying one or more phage sensitivity characteristics of 
the bacterium, comparing the characteristics from the identification step with the known host range of each library of bacteriophages, 
the library of bacteriophages including a first vir mutant bacteriophage capable of infecting and lysing a first strain of bacteria, and 
a second vir mutant capable of infecting and lysing a second strain of bacteria, and identifying one or more bacteriophages from the 
panel suitable for killing the bacterium. 
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Anti-Bacterial Agents 



The application relates to panels of bacteriophages comprising vir mutants, compositions 
containing such mutants, methods of identifying and producing such panels of 
bacteriophages and to the use of such panels as antibacterial agents, treating bacterial 
infections and for prophylaxis. 

Antibacterial agents, in the form of chemically-based antibiotics (i.e. non-viral agents), 
such as penicillin or tetracycline, are well known. The problem with such antibiotics is that 
resistance to them is becoming increasingly common. Mutations conferring antibiotic 
resistance, or genes encoding antibiotic resistance enzymes, such as penicillinases, are 
becoming increasingly common in pathogenic bacteria world-wide. Methicillin-resistant 
Staphylococcus aureus (MRSA) bacteria, for example, are an increasingly common form 
of infection, often acquired during surgery for other causes at hospitals. MRSA infections 
are extremely difficult to treat using conventional antibiotics. 

One alternative approach to treating bacterial infections is to infect the bacteria with a 
virus, known as a bacteriophage. Such "bacteriophage therapy 55 was first developed early 
in the twentieth century, but has been little used in the West since the advent of antibiotics 
in the 1940s. More extensive work has been carried out in Eastern Europe. 

Bacteriophages (also known as "phages") are specific to specific kinds of bacterial cells. 
They cannot infect the cells of more complex organisms because of major differences in 
key intracellular machinery, as well as in cell-surface components. Most bacteriophages 
have structures, such as tails, which enable the bacteriophages to bind to specific molecules 
on the surface of their target bacteria. Viral DNA within the bacteriophages is then 
injected through the tail into the host cell, which then directs the production of new 
bacteriophage. 

Different kinds of bacteriophages are found which infect different bacteria. 
Conventionally, they can be isolated from the environment in which the particular 
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bacterium grows, for example from sewage or faeces. The presence of a bacteriophage 
may be determined by growing the bacterium in a suitable growth medium, spimiing the 
growth medium to separate off the liquid part of the broth from the bacteria, and passing 
the separated liquid through a filter with pores small enough to prevent the bacteria getting 
through the filter. The filtered extract is usually mixed with growth medium, bacteria 
added, and then spread on, for example, an agar plate. The presence of clear spots, called 
plaques, on the resulting lawn of bacteria indicates the presence of one or more 
bacteriophages, which cause the bacteria to lyse. 

Bacteriophages which can only kill bacteria are known as "lytic" bacteriophages. Lytic 
bacteriophages exist outside the bacterial cell in the form of nucleic acid material, often 
DNA, surrounded by a protein coat. The protein coat usually has one or more molecules 
attached to it which allow the bacteriophages to attach to specific molecules on the surface 
of the bacteria. Upon binding to the bacteria the DNA gains entry into the bacterial host 
where it is transcribed and translated into various proteins necessary for replication and 
assembly of new bacteriophage. The DNA is also replicated and is packaged into new 
bacteriophage which are released upon lysis of the bacterial cell. 

In addition to lytic bacteriophages there are temperate, or lysogenic bacteriophages. These 
temperate bacteriophages have two life cycles, one in which they lyse the infected cell, and 
the other in which they enter the prophage state. Lytic bacteriophages always have to infect 
from outside, reprogram the host cell and release a burst of bacteriophage through breaking 
open or lysing. These "lysogenic" bacteriophages may integrate their DNA into the host 
bacterial DNA leading to a virtually permanent association as a prophage within a specific 
bacterium and its progeny. Some prophages do not physically integrate into the 
chromosome, but exist as an autonomous replicon. The prophage directs the synthesis of a 
repressor which blocks the expression of its own genes and also those of any 
closely-related lysogenic bacteriophages. Occasionally, the prophage may escape 
regulation by its repressor. The prophage DNA may then be cut out of the genome by 
site-specific recombination, replicated, and the progeny released from the host cell, in most 
cases by lysis. 
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Lytic bacteriophage have been used to treat bacterial infections. Isolated lytic 
bacteriophages have been applied to wounds or injected intravenously where they kill 
bacteria. The advantage of bacteriophages is that they are self-replicating, with as few as 
one hundred or so bacteriophages being able to kill as many as one hundred million 
bacteria. The bacteriophages simply replicate themselves by killing bacteria until they have 
eliminated them from the individual or the environment. WO 01/51066, for example, 
discloses a method of treating a patient with one or more lytic bacteriophages. Similarly, 
US 4,957,686 discloses a method of treating dental caries with bacteriophage. 

One possible problem with using bacteriophages has been that the patient's own body will 
often have an immune response against the bacteriophages and eliminate the 
bacteriophages from blood. US 5,660,812, US 5,688,501 and US 5,766,892 all show 
methods of selecting bacteriophages to improve the bacteriophage half-life within the 
blood of a patient to be treated. US 5,81 1,093 discusses amplifying a gene encoding one of 
the capsid (coating) proteins (capsid E) so that the bacteriophages survive in an animal's 
circulatory system for longer. In the case of the latter patent, the modification was 
identified as a point mutation within a gene. 

Conventionally, lysogenic bacteriophages have been considered to be bad candidates for 
bacteriophage therapy. This is because they can potentially lead to the transfer of genes 
involved in bacterial pathogenicity. Some bacteriophages carry toxin genes, hence 
lysogens may exhibit enhanced virulence. However, not all temperate bacteriophages carry 
virulence genes. Also, bacterial genes can be transferred from one host to another during 
bacteriophage infection and these genes may include virulence genes. The first process is 
called bacteriophage conversion and the second is called transduction. Accordingly, use of 
lysogenic bacteriophages has traditionally been considered to be problematical in that the 
lysogenic bacteriophages can spread genes responsible for pathogenicity to other bacteria. 
However, lytic bacteriophages can also cause transduction. 

Whilst lytic bacteriophages are known to have been used for treating bacterial infections, 
identifying lytic bacteriophages is often very time-consuming because lytic bacteriophages 
for some pathogenic bacteria are relatively rare and hard to isolate. 
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The inventors have realised that lysogenic bacteriophages appear to be more commonly 
present in some bacteria. They have realised that by selecting a number of different 
lysogenic bacteriophages by their ability to infect different strains of bacteria, and, for 
example, by their lack of genes encoding any toxins or other substances involved in 
bacterial pathogenicity, they can form a panel of bacteriophages. Members of the panel can 
be selected, for example to treat different strains of the same bacterium. 

The inventors have also recognised that the problem with most lysogenic bacteria is that, 
upon infecting a cell, the bacteriophage DNA will often integrate into the genome of the 
bacterium, and not kill the bacterium. This problem is overcome by identifying one or 
more "vir" mutants for use in the panel. Such bacteriophage mutants usually comprise a 
mutation in an operator region of the temperate bacteriophage DNA which prevents a 
repressor protein binding to the operator. The repressor protein normally binds to the 
operator so that the prophage is not transcribed and translated and does not enter the lytic 
cycle. However, in vir mutants the mutation means that the infecting bacteriophage DNA 
is transcribed and translated and results in the lysis of the bacterium. 

Accordingly, the first aspect of the invention provides a panel of bacteriophages 
comprising a first vir mutant bacteriophage capable of infecting and lysing a first strain of 
bacteria, and a second vir mutant capable of infecting and lysing a second strain of bacteria. 

Lysogenic bacteriophages usually comprise DNA encoding one or more genes for 
integrase, resolvase, transposase, excisionase, attP, origin of replication and other genes 
associated with maintenance of the prophage within the host cell's genome. 

A vir mutant, of a temperate bacteriophage, is one that can lytically infect a lysogenic host 
carrying the wild-type prophage, vir mutants preferably contain one or more mutated 
operator regions in the DNA of the bacteriophage which control the transcription of the 
prophage DNA, which have been mutated so that they have reduced binding specificities 
for a repressor protein in comparison with the wild-type prophage. Theoretically a vir 
mutant may arise due to a dominant negative mutation in the repressor protein gene. The 



WO 03/080823 PCT/GB03/01190 

5 

repressor protein regulates the operator region and may itself be from the bacteriophage or 
may be from a different, but related bacteriophage. 

The first strain of bacteria and the second strain of bacteria may be the same species of 
bacteria, or a different species of bacteria. The two strains of bacteria may be 
distinguishable by having different prophages within them. As already indicated, the 
presence of a prophage within a bacterium will confer protection against infection by the 
same bacteriophage and may confer protection against different, but related bacteriophages. 
Accordingly, having a panel of different bacteriophages enables one or more different 
bacteriophages to be selected so that a panel of two or more bacteriophages may be 
effective against a range of bacteria, of a single bacteriophage may be selected from the 
panel in order to treat a specific bacterium. 

Preferably, each strain of bacteria is an animal or plant pathogen, especially a human 
pathogen. Preferably, the bacterium is Staphylococcus (especially S. aureus), Helicobacter 
(especially H. pylori), Klebsiella, Listeria, Mycobacterium, Escherichia (preferably E. coli, 
especially E. coli 0157), meningococcus, Campylobacter, Streptococcus, Enter ococcus, 
Shigella, Pseudomonas, Burkholderia, Clostridium, Legionella, Acinetobacter or 
Salmonella. Preferably, the panel contains at least 5, at least 10, at least 15, at least 20, at 
least 25, at least 30, at least 35 or at least 40 different bacteriophages. Preferably, at least 
50%, at least 60%, at least 70%, at least 80%, at least 90%, more preferably at least 95%, 
most preferably 100% of the panel of bacteriophage are vir mutants. The panel may also 
comprise one or more lytic bacteriophages. 

The panel may comprise at least one host range change mutant bacteriophage. A host 
range change mutant is a bacteriophage which, upon isolation from an original host 
bacterium, is not capable of infecting a second strain of bacterium, but which, upon 
mutation with a mutating agent, becomes capable of infecting the second strain of bacteria. 

Preferably, at least one of the strains of bacteria is resistant to one or more antibiotics. By 
antibiotics we mean one or more chemical antibiotics. That is, not a functional virus which 
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is capable of infecting a cell. Antibiotics include penicillins, tetracyclines and 
aminoglycosides. Alternatively the strain of bacteria need not be antibiotic resistant. 

Pharmaceutical compositions comprising a panel of bacteriophages, as defined in the first 
aspect of the invention, are provided, optionally in combination with a pharmaceutically 
acceptable carrier. Such carriers allow the panel of bacteriophages to be applied to a part 
of the animal or a patient to be treated, or to be placed within the patient or animal to be 
treated. 

Routes of administration include, but are not limited to orally, nasally, aurally, 
intravenously, intramuscularly, intraperitoneally, intrathecal^, vaginally, rectally, topically, 
via lumbar punctures, or direct application to the brain or its associated membranes. 
Administration may be achieved via devices such as aerosols, for use as nasal sprays or 
inhalers. Further the pharmaceutical composition can be made into tablets or suppositories. 



Preferably, the pharmaceutical composition is adapted for topical application, by, for 
example, mixing the panel or bacteriophage with a suitable cream to allow the 
bacteriophage to be applied topically to a wound or to the nasal passages. Such creams 
include paraffin and lanolin-based creams of the types known in the art. Preferably the 
bacteriophage may be incorporated into bandages or wound dressings. 

The bacteriophages may be incorporated into consumables such as soap, hand or face 
creams, shaving creams and foams, dental floss, tooth powder, toothpaste, etc. This allows 
the treatment of skin diseases, such as acne, by e.g. washing, or the treatment of dental 
caries, e.g. by brushing teeth with a toothpaste impregnated with the bacteriophages. 

The use of the pharmaceutical compositions of the invention as a medicament or in 
prophylaxis is also included within the scope of the invention. Methods of treating a 
bacterial infection of a human, animal or plant with a panel of bacteriophages, according to 
the invention, is also included within the scope of the invention. 
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The panel of bacteriophages may be used as a prophylactic to kill bacteria being carried 
asymptomatically before they cause a disease. For example, the bacteria may be 
methicillin-resistant Staphylococcus aureus (MRSA) which can cause systemic infections 
and abscesses. These bacteria may reside in the nasal cavity without causing any apparent 
disease symptoms. However, the bacteria may be spread from person to person and may 
cause the disease in people who have a reduced immune capacity. Accordingly, killing the 
bacteria assists in the prevention of the disease. The panel of bacteriophages may simply 
be applied in a topical cream via a swab to the nose. 

The panel of bacteriophages may also be used in combination with a suitable carrier as an 
antibacterial or antiseptic agent. Such an antibacterial composition may simply be applied 
to the surface, such as a floor, to be disinfected. Alternatively, utensils, such as surgical 
utensils, to be disinfected, can simple be placed in a suitable antibacterial solution 
containing a panel of bacteriophages. The material making up such utensils may also 
incorporate such bacteriophages. 

Further the panel of bacteriophages may be incorporated into materials, such as plastics, by 
such techniques as bonding, adhesion, or co-polymerisation. The materials may then be 
used to form equipment such as catheters or cannulars, and the like. Equally, the panel of 
bacteriophages may be incorporated into such equipment once produced. 

Preferably, the panel of bacteriophages contains two or more different bacteriophages in 
order to allow the treatment or disinfecting of a number of different strains of bacteria. 

Alternatively, a sample of the bacterium to be treated or disinfected may be obtained, the 
bacterium identified and a bacteriophage suitable for killing that bacterium selected from 
the panel of bacteriophages. 

The bacteriophage may also be used to treat milk and milk products. In an associated 
function a panel bacteriophage could also be used to prevent or treat mastitis, either by 
incorporating the panel into the milking cluster, or by using a swab for topical application 
to the teat. 



WO 03/080823 



8 



PCT/GB03/01190 



A further aspect of the invention provides a method of identifying a bacteriophage suitable 
for killing a bacterium, comprising the steps of: 

(i) obtaining a sample of bacterium from a patient, animal, or place infected with a 
bacterium; 

(ii) identifying one or more phage sensitivity characteristics of the bacterium; 

(iii) comparing the characteristics from step (ii) with the known host range of each 
bacteriophage of a library of bacteriophages, the library of bacteriophages 
comprising a first vir mutant bacteriophage capable of infecting and lysing a first 
strain of bacteria, and a second vir mutant capable of infecting and lysing a second 
strain of bacteria; and 

(iv) identifying one or more bacteriophage from the panel suitable for killing the 
bacterium. 

The bacteriophage library may be a collection of bacteriophages containing additional 
members to the panel of the first aspect of the invention. 

One of the characteristics of the bacterium may be the presence or absence of a prophage. 
The presence of prophage may be determined by polymerase chain reaction (PCR) using a 
primer pair to amplify part of the prophage DNA from the bacterium. 

A further aspect of the invention provides a method of identifying the presence of a 
prophage in a bacterium providing a pair of primers capable of hybridising under high 
stringency conditions to a prophage nucleotide sequence, and carrying out PCR to identify 
the presence of the prophage. 

PCR amplifies part of the prophage DNA, which may then be sequenced using 
conventional sequencing techniques. 

Preferably the primers are specific for a prophage-specific sequence such as integrase. 
High stringency includes, for example 2 mM MgCl 2 and 48°C annealing temperature. 
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A still further aspect of the invention provides a machine-readable data storage medium, 
comprising a data storage material encoded with machine-readable data, wherein the data 
defines one or more characteristics of each bacteriophage in a panel or library of 
bacteriophages as defined in the invention. The data storage medium may be a floppy disc, 
a CD-ROM, a computer memory, or some other machine-readable medium. The data 
preferably enables the selection of one or more suitable bacteriophage to enable the 
treatment of a bacterial infection or the disinfection of bacterial contamination. 

The invention also provides, within its scope, a method of producing a panel of 
bacteriophages, according to the first aspect of the invention, comprising isolating a first 
donor bacterium, identifying one or more temperate bacteriophages, mutating the temperate 
bacteriophages and isolating one or more vir mutants of the bacteriophages. 

Preferably, the method of producing the panel comprises the steps of: 

(i) isolating the first, donor, bacterium; 

(ii) co-culturing the first bacterium with a second, cultivating, strain of 
bacterium capable of being infected with bacteriophage; 

(iii) identifying temperate bacteriophages obtained from the first 
donor bacterium; 

(iv) mutating the temperate bacteriophages identified as step (iii) 
with a mutagen; and 

(v) cultivating the first, donor bacterium with the mutated 
bacteriophage from step (iv) at the second, to identify vir mutants 
capable of lysing the first, donor bacterium. 

Alternatively, instead of step (ii), the induction and isolation of bacteriophages may be 
brought about via chemical or physical agents. 

Host range change mutants may be produced for the panel of bacteriophage by: 
(i)isolating a first, donor bacterium of interest; 
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(ii) co-culturing the first bacterium with a second, cultivating strain of bacterium capable of 
being infected with bacteriophage; 

(iii) identifying one or more temperate bacteriophages obtained from the first, donor 
bacterium; 

(iv) mutating the temperate bacteriophages identified in step (iii) with a mutagen; and 

(v) cultivating the mutated temperate bacteriophages obtained from step (iv), a third strain 
of bacterium previously not infected with the bacteriophage, to identify one or more host 
range change bacteriophages. 

The mutagen used is preferably hydroxylamine. Other mutagens, such as ultraviolet light 
and other known DNA mutagens may be used. 

Alternatively, instead of step (ii), the induction and isolation of bacteriophages may be 
brought about via chemical or physical agents. 

A further problem often found is when a plant or animal, such as a human patient, is found 
to be suffering from an antibiotic resistant infection. The inventors have realised that it is 
possible to isolate that bacterial pathogen, identify any lysogenic bacteriophage within that 
bacterium, and mutate the lysogenic bacteriophage from the bacterial pathogen to produce 
a vir mutant of the lysogenic bacteriophage. This vir mutant may then be admixed with 
one or more suitable pharmaceixtically acceptable carriers, and they may be used to treat the 
bacterial infection. Accordingly, a bacterial pathogen's own prophages from within its 
own cells, may be used to kill it. 

vir mutants identified by such a method may in turn be added to the panel as defined in the 
first aspect of the invention. 



The invention will now be described by way of example only. 
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Co-Culture and Isolation of Temperate Staphvlophages 

An overnight culture containing two Staphylococcus aureus isolates (SAT) was incubated at 
37°C overnight (o/n), then sterile filtered (0.22pm) after centrifugation in a Hettich 
Zentrifugen EBA12 centrifuge using a 1 1 16 rotor at 5000 rpm. One of these SAI is termed 
the cultivating strain and the second, the donor strain. 100 \A of the filtrate was added to 
100 |^1 of o/n culture of cultivating strain, then incubated at room temperature (RT) for 40 
min. 3 ml of top agar was added to the co-culture. The mixture was then poured over a 
Luria Broth (LB) (Sambrook, et ah 1989, Molecular Cloning, a Laboratory Approach. 2nd 
Ed. Cold Spring Harbour Press). + 10 mM Mg 2+ + 8 mM Ca 2+ plate and incubated at 37°C 
o/n. Plaques were picked and incubated o/n at 4°C in PBS + 10 mM Mg 2+ , then streaked 
onto LB + Mg 2+ + Ca 2+ plates. A lawn of the cultivating strain (100 pi cultivating strain o/n 
+ top agar) was poured over the streaked plates. Plaques were picked from the streaked 
plates and stored on chloroform at 4°C until required. 

Mutagenesis and Mutant Isolation 
Hydroxylamine Mutation 

To 0.2 ml bacteria-free filtered bacteriophage stock, 0.4 ml EDTA buffer (0.5 M KP0 4 
(pH6.0) + 5 mM EDTA) + 0.2ml sterile water (sH 2 0) + 0.1ml sterile 0.2 M MgS0 4 + 0.8 
ml hydroxylamine solution was added. The hydroxylamine solution (1 M NH 2 OH (pH6.0)) 
was made fresh by adding 0.56 ml 4 M NaOH to 0.35 g NH 2 OH, to a final volume of 5 ml 
with sH 2 0 (sterile water). This was incubated at 37°C for 3 1 hours. A control mixture was 
made in which the bacteriophage stock was substituted for 0.2 ml sterile sH 2 0. After the 
3 1 hours incubation the mixture was added to 8 ml LB + 10 mM MgS0 4 + 8 mM Ca(N0 3 ) 2 
in dialysis tubing. The tubing was placed in 500 ml conical flasks, to which 300 ml LB + 
Mg 2+ + Ca 2+ was added. This was placed at 4°C for 7 hours. The LB 4- Mg 2+ + Ca 2+ was 
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replaced a second and third time. The third after a second 7 hour incubation at 4°C. The 
bacteriophage stock was placed in a sterile universal bottle and stored at 4°C after a third 7 
hours incubation at 4°C in LB + Mg 2+ + Ca 2+ . 

Kill Curve 

The 99.9% kill (31 hour) was determined via a time course. Samples were taken at 
appropriate time points. The samples were diluted in LB + Mg 2+ + Ca 2+ and serial diluted. 
The dilutions were incubated with the cultivating strain at equal volumes of 100 pi at RT 
for 40 min. To this mixture top agar was added and poured over LB + Mg 2+ + Ca 2+ plates. 
Plaques were counted after the plates were incubated at 37°C o/n. A 10 3 fold drop in 
plaque forming units (pfu) was determined as a 99.9% kill. 

Isolating Virulence (vir) Mutants 

Virulence (vir) mutants were isolated after expression and enrichment steps. 1 ml of 
hydroxylamine-treated bacteriophage and 1 ml of o/n cultivating strain were added to 15 ml 
LB + Mg 2+ + Ca 2+ and incubated at 37°C. One hour later 1ml of o/n source strain was 
added. After overnight incubation, the culture was centrifuged in a Hettich Zentrifugen 
EBA12 centrifuge using a 1 116 rotor at 5000 rpm for 3 min. and sterile filtered (0.22 jam). 
The filter contains 0.22 |um pores which are too small for bacteria to pass through but are 
not a barrier to bacteriophage, hence the filtrate is devoid of bacteria but contains the 
bacteriophage. 100 jllI of filtrate was added to 100 jj! o/n source strain and incubated at RT 
for 40 min. To this mixture top agar was added and poured over LB + Mg 2+ + Ca 2+ plates. 
After o/n incubation, a glass pipette was used to pick a single plaque. The plug was then 
added to an Eppendorf containing 100 [il PBS + Mg 2+ + Ca 2+ , agitated and incubated o/n at 
4°C. Using a sterile loop the stock is streaked onto two LB + Mg 2+ -1- Ca 2+ plates. Onto 
one, a lawn of source strain (3 ml top agar + 100 jlxI source strain) was poured and onto the 
second a lawn of cultivating strain (3 ml top agar + 100 pi source strain) was added. These 
were incubated at 37°C o/n. The bacteriophage was determined a presumptive vir mutant if 
it was able to infect both the source and cultivating strain. To ensure purity a glass pipette 
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was used to pick a single plaque from the source SAI plate. The plug was then added to an 
Eppendorf containing 100 |xl PBS + Mg 2+ + Ca 2+ , agitated and incubated o/n at 4°C. This 
was under-streaked as before, incubated, re-picked, agitated and stored at 4°C. 

vir Controls 

To ensure the bacteriophage isolated as a vir mutant was not a prophage activated from the 
cultivating strain controls were implemented. A 15 ml LB + Mg 2+ + Ca 2+ aliquot was 
seeded with the source and cultivating strain. After o/n incubation at 37°C the culture was 
centrifuged in a Hettich Zentrifugen EBA12 centrifuge using a 1 1 16 rotor at 5000 rpm for 
3 min. and sterile filtered (0.22 jam). 100 pi of filtrate was added to 100 \xl o/n source 
strain and incubated at RT for 40 min. To this mixture top agar was added and poured over 
LB + Mg 2+ + Ca 2+ plates. If plaques were seen after o/n incubation at 37°C vir mutagenesis 
was not attempted. 

Isolating hrc (host range change) mutants 

hrc mutants were isolated after the expression and enrichment steps described above. Some 
strains were not sensitive to the vir mutant bacteriophage: v/r-resistant host (VRH). 1 ml of 
hydroxylamine-treated bacteriophage and 1ml of o/n cultivating strain were added to 15 ml 
LB + Mg 2+ + Ca 2+ and incubated at 37°C. One hour later, 1 ml of o/n culture of a VRH 
strain was added. After overnight incubation the culture was centrifuged in a Hettich 
Zentrifugen EBA12 centrifuge using a 1 1 16 rotor at 5000 rpm for 3 min. and sterile filtered 
(0.22 |Lim). 100 jul of filtrate was added to 100 [d o/n VRH strain and incubated at RT for 
40 min. To this mixture top agar was added and poured over LB + Mg 2+ + Ca 2+ plates. A 
glass pipette was used to pick a single plaque. The plug was added to an Eppendorf tube 
containing 100 jllI PBS + Mg 2+ + Ca 2+ , agitated and incubated o/n at 4°C. Using a sterile 
loop the stock was streaked onto three LB + Mg 2+ + Ca 2+ plates. Onto one, a lawn of 
source strain (3 ml top agar + 100 jlxI source strain) was poured and onto the second a lawn 
of cultivating strain (3 ml top agar + 100 jllI source strain) was added. To the third a lawn 
of the VRH strain was added strain (3 ml top agar + 100 pi VRH strain). These were 
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incubated at 37°C o/n. The bacteriophage was determined a presumptive hrc mutant if it 
was able to infect the VRH strain. It was not expected to infect the source or cultivating 
strain. To ensure purity a glass pipette was used to pick a single plaque from the source 
strain plate. The plug was then added to an Eppendorf containing 100 jul PBS + Mg 2+ + 
Ca 2+ , agitated and incubated o/n at 4°C. This was under-streaked as before incubated, 
re-picked 5 agitated and stored at 4°C. 

PBS is described in Sambrook, et al. 

hrc Controls 

To ensure the bacteriophage isolated as a hrc mutant was not a prophage activated from 
the cultivating or source strain controls were implemented. Two inocula were added to 15 
ml LB + Mg 2+ + Ca 2+ as follows: 

Strain 'A ? Strain 6 B' 

Source VRH 
Cultivating VRH 

After o/n incubation at 37°C the culture was centrifuged in a Hettich Zentrifugen EBA12 
centrifuge using a 1 1 16 rotor at 5000 rpm for 3 min. and sterile filtered (0.22 pm). 100 pi 
of filtrate was added to 100 \i\ o/n VRH and incubated at RT for 40 min. To this mixture 
top agar was added and poured over LB + Mg 2+ + Ca 2+ plates. If plaques were seen after 
o/n incubation at 37°C hrc mutagenesis was not attempted. 



Purification of Bacteriophage via Caesium Chloride Gradients 
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4 ml of stagnant overnight SAI culture was added to four 400 ml aliquots of LB + Mg 2+ + 
Ca 2+ in fluted 2 litre conical flasks and agitated (300 rpm) at 37°C. After one hour, 40 (j.1 
bacteriophage (2 x 10 7 pfu) was added to the agitated cultures. After 4 hours the cultures 
had fully lysed. The cultures were pooled and solid NaCl was added to a final 
concentration 1M. The lysed culture was centrifuged at 11000 g for 10 min. at 4°C after 1 
hour on ice. 

10% (w/v) PEG 6000 dissolved in the mixture which was then left to stand overnight on 
ice at 4°C. The pellet formed after centrifugation at 11000 g for 10 min. at 4°C using a 
rotor as defined in Sambrook et al. (1989) was resuspended in 4 ml PBS. An equal volume 
of chloroform was added. The mixture was then agitated for 30 sec. The chloroform was 
removed after centrifugation at 3000 g. Caesium chloride (CsCl) was added to a final 
concentration of 0.5 g/ml. The suspension was placed on top of a CsCl gradient made in 
polypropylene tubes containing the following CsCl densities: 1.4, 1.5 and 1.6 g/ml PBS. 
The tubes were centrifuged at 22,000 rpm (Beckman SW28) for 4 hours. A gauge 21 
needle was then inserted carefully through the side of the polypropylene tube to extract the 
bacteriophage band. Thrice repeated dialysis in PBS + Mg 2+ + Ca 2+ for 7 hours removed 
the CsCl. The purified bacteriophage stock was stored at 4°C until needed. 

Integrase Specific PCR 

Staphylococcus aureus isolates have been shown to almost always contain at least one 
temperate bacteriophage integrated into their DNA. Temperate bacteriophages capable of 
inserting into the host DNA must possess a means of doing so, this is most frequently 
facilitated by the enzyme, integrase, which catalyses integration of the bacteriophage DNA 
into the host bacterial DNA. 

A number of PCR primers have been designed to amplify and identify integrase genes 
specifically found within bacteriophage capable of infecting Staphylococcus aureus. Such 
technology could also be directed at similarly important genes hi other 



WO 03/080823 PCT/GB03/01190 

16 

bacteria/bacteriophage systems, such as the resolvase gene (important in Listeria 
bacteriophage integration). The presence of integrase genes within bacterial DNA would 
suggest the presence of prophage or phage-related entities such as pathogenicity islands. 

At the time of designing the PGR primers there had been approximately 27 Staphylococcus 
aureus bacteriophage integrase genes sequenced. These integrase genes were aligned and 
their plrylogenetic relatedness was determined, by creating a phylogenetic tree. This 
method showed that there appear to be eight distinct 'Families' of bacteriophage integrase 
genes found in bacteriophage or bacteriophage-related entities within Staphylococcus 
aureus. The PCR reactions using the aforementioned primers, therefore, enable us to 
determine what families of bacteriophage or bacteriophage-related elements are present 
within the Staphylococcus aureus DNA. 

PCR Primers 

The primers used to amplify and identify the integrase genes of the specific families are as 
follows: 

FAMILY 1 Forward: CGT CAA CTC GGA GAT ATG AA 
FAMILY 1 Reverse: GTA TCC GAA TCC TTC CTC GT 

FAMILY 2 Forward: ATT CGT TGC ACT CAT GAC AG 
FAMILY 2 Reverse: CTC GCA ACT TCT GCT ACT CA 

FAMILY 3 Forward: CTG TTG GCT ATG CAC GAT CT 
FAMILY 3 Reverse: CTG GGA ATA GGA GTT ACC GA 

FAMILY 4 Forward: GCA CCG TCC ACA TCT ACA TT 
FAMILY 4 Reverse: CTG CAC GCA TGC CTG TAT AT 



FAMILY 5: Forward: GCG TGA AGC TAA TTC TGC TG 
FAMILY 5 Reverse: ACT GAC ACG ACA ACC CGT AC 
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FAMILY 6 Forward: GCG AAG CTA TGG CTC TTG TT 
FAMILY 6 Reverse: CAC GTT GAT GTC GTT CAG TT 

FAMILY 7 Forward: GCG AAT TGG TGA AGC TAC TG 
FAMILY 7 Reverse: AGC ATG AGA ATG CCG TAA CC 

FAMILY 8 Forward: GGC ACT ATC AAA GAG ACA AC 
FAMILY 8 Reverse: CTA CAT GCT CTT GCA TTG TC 

PCR Reaction Conditions 

The annealing temperature used for this reaction is 48°C. The PCR reaction is a general 
reaction with 30 cycles. 

A PCR Mastermix for eight reactions is made as follows: 

1 .5 ul Taq Polymerase - available from Gibco Life Tech 
4 ul dNTPs (25 u-M) - available from Invitrogen 

40 jlxI lOx Buffer (200 mM Tris.HCl, 500 mM KC1, pH8.4) - available from Gibco Life 
Tech 16 pi MgCl 2 (50mM) 
280 ul Water (sterile, deionized) 

3.2 ul Primer mastermix (Forward and Reverse Primer 1:1 ratio) (stock is approximately 
10 uM) 

45 ul of the above mastermix is then added to 5 ul of the sample to be tested (5 jal of 1 
colony suspended in 100 ul water). 

The PCR enables the presence of prophages and phage-related entities to be detected and 
identified in bacteria. 
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Volunteer Nasal Experiment Results 



The following experiment was designed to assess the efficacy of a topically applied vir 
mutated bacteriophage to control nasal-carriage of MRS A. 

Method: 

T134/B1 vir, at a concentration of 2x10 s pfu / ml, was applied to the anterior nares of a 
healthy volunteer nasally carrying the source strain, SAI 134. A second volunteer who was 
MRS A positive, but not a SAI 134 carrier was used as a control. The control volunteer 
received everything that the non-control volunteer received, except the bacteriophage. 
Volunteers were both male, 25 years old, of the same weight and stature. Both were final 
year PhD students working in the same field and living in the same house at the time of the 
experiment. Both volunteers received the same swab and inoculation protocols. 

The PBS-based phage solution was applied to the anterior part of each nostril via 
cotton-wool buds. The cotton-wool buds were soaked in the PBS-based solution and lightly 
drained. The solution was applied in three applications each of 20 mins ill duration (at 
times: 0 - 20, 60 - 80 and 120 - 140 mins). A separate cotton-wool buds was introduced 
to each nostril at each application and the solution was applied via a circular motion, to 
ensure maximum coverage of the nasal mucosa. 

Samples were taken in triplicate and plated out on Baird Parker plates, (which are selective 
for S. aureus) at designated time points (0, 20, 60, 80, 120, 140 min, 8, 18, 24 hrs, 2, 3, 4, 
5 days). After o/n incubation the plates were observed and the number of colonies present 
was graded on an arbitrary scale: 0: No colonies 

1: <10 colonies 

2: 10-100 colonies 

3: > 100 colonies 
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Results 
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It can be seen that the average number of bacteria reduces quicker in the volunteer that 
received bacteriophage. The number of bacteria stayed lower for a longer period in this 
volunteer. By the 5 th day the S. aureus population has recovered in both volunteers. 



Conclusion 

This preliminary experiment suggests that the addition of bacteriophage in the manner 
described reduces the number of S. aureus in the nasal cavity of the volunteer. The level of 
reduction is above that seen when the adjuvant alone is used. Continued treatment* would 
be necessary to ensure bacterial clearance. 

Animal Wound Model 

When *F134/B1 vir was added to a murine surgical wound model infected with SAI 134, 
retrieval of bacteria was significantly reduced and the animals were protected from the 
clinical manifestations of the infection. Animal experiments used 2 x 10 s pfo/ml of 
bacteriophages. 



Production of a Panel of Bacteriophages 
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The bacteriophage panel will be active against the approximately 100 bacterial isolates 
from the Warwick University SAI collection, which includes the 17 known EMRSA 
(epidemic methicillin-resistant S. aureus) strains and other S. aureus isolates from across 
Europe and publicly available sources of bacteria, such as the NCIMB or the ATCC. 
Eventually, it is expected that strains of bacteria will be collected from patients at hospitals 
across the country to get a large collection of strains of bacteria. 

Once a temperate bacteriophage is obtained, a virulent (vir) mutant is isolated. The 
wild-type and vir mutants are tested against the different strains of bacteria. When at least, 
for example, 70%, 80%, 90%, 95%, preferably 100% of the strains of bacteria can be 
controlled by the vir mutants, the bacteriophages within the panel may be purified and 
combined to produce a therapeutic and/or prophylactic product. 

The product may be combined with standard pharmacy grade aqueous cream to allow 
topical application of the product. Alternatively, other pharmaceutically acceptable 
excipients may be mixed with the panel of bacteriophages. 

The panel or bacteriophages may be updated periodically to deal with new strains of 
resistant bacteria that may emerge. 

If a strain of bacterium becomes apparent to which the panel of bacteriophages is 
ineffective, then the bacteria can be isolated and its prophage obtained. Temperate 
bacteriophages can be isolated and vir mutants produced against the new strain of bacteria, 
and the vir mutants incorporated into the panel of bacteriophages. 
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In the rare situation that none of the bacteriophages in the bacteriophage panel are able to 
infect a bacterium associated with an infection, then the bacterium may be isolated and an 
individual bacteriophage mutated to produce a vir mutant to treat that infection. 
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Claims 

1. A panel of bacteriophages comprising a first vir mutant bacteriophage capable of 
infecting and lysing a first strain of bacteria, and a second vir mutant capable of infecting 
and lysing a second strain of bacteria. 

2. A panel according to claim 1 ? wherein each said strain of bacteria is a human or 
animal or plant pathogen. 

3. A panel according to claim 1 comprising different bacteriophages. 

4. A panel according to claim 1 comprising at least one host range change mutant 
bacteriophage. 

5. A panel according to claim 1 wherein at least one of the said strains of bacteria is 
resistant to one or more antibiotics. 

6. A pharmaceutical composition comprising a panel of bacteriophages according to 
claim 1, in combination with a pharmaceutically acceptable carrier. 

7. A pharmaceutical composition according to claim 6, adapted for topical application. 

8. A pharmaceutical composition according to claim 6 for use as a medicament. 

9. Use of a pharmaceutical composition according to claim 6 for prophylaxis. 

10. An antibacterial composition comprising a panel of bacteriophages according to 
claim 1, in combination with a carrier. 

11. Use of an antibacterial composition according to claim 10 as a disinfectant. 

12. Use of an antibacterial composition according to claim 10 as an antiseptic. 
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13. Use of an antibacterial composition according to claim 10 as a constituent of a 
surgical or medical device. 

14. A method of identifying a bacteriophage suitable for killing a bacterium, 
comprising the steps of: 

(i) obtaining a sample of said bacterium from patient or place infected with 
said bacterium; 

(ii) identifying one or more phage sensitivity characteristics of said bacerium; 

(iii) comparing the characteristics from step (ii) with the known host range of 
each bacteriophage of a library of bacteriophages, said library of bacteriophages 
comprising a first vir mutant bacteriophage capable of infecting and lysing a first 
strain of bacteria, and a second vir mutant capable of infecting and lysing a second 
strain of bacteria; and 

(iv) identifying one or more bacteriophages from the panel suitable for killing 
said bacterium. 

15. A method according to claim 14, wherein the presence or absence of one or more 
prophages in said bacterium is determined by PGR using a pair of primers to amplify the 
prophage DNA from said bacterium. 

16. A method of identifying the presence of one or more prophages in a bacterium 
comprising a pair of primers capable of hybridising under high stringency conditions to a 
prophage nucleotide sequence, and carrying our PCR to identify the presence of said 
prophage. 
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17. A machine readable data storage medium, comprising a data storage material 
encoded with machine readable data, wherein the data defines one or more characteristics 
of each bacteriophage in a panel of bacteriophages as defined in claim" 1. ' 

18. A machine readable data storage medium, comprising a data storage material 
encoded with machine readable data, wherein the data defines one or more characteristics 
of each bacteriophage in a library of bacteriophages as defined in claim 14. 

19. A method of producing a panel according to claim 1, comprising cultivating a 
donor bacterium, identify one or more temperate bacteriophages from said donor 
bacterium, mutating the temperate bacteriophages and isolating one or more vir mutants of 
said bacteriophages. 

20. A method of producing a panel according to claim 19, comprising the steps of: 

(i) isolating said first, donor, bacterium; 

(ii) co-culturing said first bacterium with a second, cultivating, strain of 
bacterium capable of being infected with bacteriophage; 

(iii) identifying temperate bacteriophages obtained from said first, donor, 
bacterium; 

(iv) mutating said temperate bacteriophages identified in step (iii) with a 
mutagen; and 

(v) cultivating said first, donor, bacterium with the mutated bacteriophage from 
step (iv) to identify vir mutants capable of lysing said first, done, bacterium. 

21 . A method of producing a panel according to claim 19, comprising the steps of: 



(i) isolating said first, donor, bacterium; 
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(ii) inducing said donor bacterium to produce temperate bacteriophages with a 
chemical or physical agent; 

(iii) identifying temperate bacteriophages obtained from the first, donor, 
bacterium; 

(iv) mutating said temperate bacteriophages identified in step (iii) with a 
mutagen; and 

(v) cultivating said first, donor, bacterium with the mutated bacteriophage from 
step (iv) to identify vir mutants capable of ly sing said first, donor, bacterium. 

22. A method of producing a panel of bacteriophages according to claim 1, comprising: 

(i) isolating a first, donor, bacterium of interest; 

(ii) co-culturing the first bacterium with a second, cultivating strain of 
bacterium capable of being infected with bacteriophage; 

(iii) identifying one or more temperate bacteriophages obtained from said first, 
donor, bacterium; 

(iv) mutating said temperate bacteriophages identified in step (iii) with a 
mutagen; and 

(v) cultivating the mutated temperate bacteriophages obtained from step (iv), 
with a third strain of bacterium previously not infected with the bacteriophage, to 
identify one or more host range change bacteriophages. 

23. A method of producing a panel of bacteriophages according to claim 1, comprising: 
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(ii) inducing said donor bacterium to produce temperate bacteriophages with a 
chemical or physical agent; 

(iii) identifying one or more temperate bacteriophages obtained from said first, 
donor, bacterium; 

(iv) mutating said temperate bacteriophages identified in step (iii) with a 
mutagen; and 

(v) cultivating the mutated temperate bacteriophages obtained from step (iv), 
with a third strain of bacterium previously not infected with the bacteriophage, to 
identify one or more host range change bacteriophages. 

24. A method of identifying a bacteriophage for treating an animal or plant infected 
with a bacterial pathogen, comprising: 

(i) isolating said bacterial pathogen; 

(ii) isolating a lysogenic bacteriophage from the bacterium; and 

(iii) mutating said lysogenic bacteriophage to produce a vir mutant of the 
lysogenic bacteriophage. 

25. A method according to claim 24, wherein the vir mutant is admixed with one or 
more pharmaceutically acceptable carriers. 

26. A method according to claim 24 comprising the step of using said vir mutant 
identified by the method to treat said bacterial infection. 
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27. A panel according to claim 1, comprising a vir mutant identified by a method 
according to claim 24. 

28. A primer pair for identifying the presence of an integrase gene of a bacteriophage 
by PCR, comprising nucleotide sequence selected from: 

CGT CAA CTC GGA GAT ATG AA; GTA TCC GAA TCC TTC CTC GT 
ATT CGT TGC ACT CAT GAC AG; CTC GCA ACT TCT GCT ACT CA 
CTG TTG GCT ATG CAC GAT CT; CTG GGA ATA GGA GTT ACC GA 
GCA CCG TCC ACA TCT ACA TT; CTG CAC GCA TGC CTG TAT AT 
GCG TGA AGC TAA TTC TGC TG; ACT GAC ACG ACA ACC CGT AC 
GCG AAG CTA TGG CTC TTG TT; CAC GTT GAT GTC GTT CAG TT 
GCG AAT TGG TGA AGC TAC TG; AGC ATG AGA ATG CCG TAA CC 
GGC ACT ATC AAA GAG ACA AC; CTA CAT GCT CTT GCA TTG TC 
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SEQUENCE LISTING 

<110> University of Warwick 

<120> Anti-Bacterial Agents 

<130> P706370US 

<150> GB 0207021.7 
<151> 2002-03-25 

<150> US 10/215,056 
<151> 2002-07-08 

<160> 16 

<170> Patentln version 3.2 

<210> 1 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<22 3> PCR primer: FAMILY 1 Forward 
<400> 1 

cgtcaactcg gagatatgaa 
20 



<210> 2 

■<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<22 3> PCR primer: FAMILY 1 Reverse 
<400> 2 

gtatccgaat ccttcctcgt 
20 



<210> 3 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 2 Forward 
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<400> 3 

attcgttgca ctcatgacag 
20 



<210> 4 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PGR primer: FAMILY 2 Reverse 
<400> 4 

ctcgcaactt ctgctactca 
20 



<210> 5 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PGR primer: FAMILY 3 Forward 
<400> 5 

ctgttggcta tgcacgatct 
2 0 



<210> 6 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 3 Reverse 
<400> 6 

ctgggaatag gagttaccga 
20 



<210> 7 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 4 Forward 
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<400> 7 

gcaccgtcca catctacatt 
20 



<210> 8 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<22 3> PCR primer: FAMILY 4 Reverse 
<400> 8 

ctgcacgcat gcctgtatat 
20 



<210> 9 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 5 Forward 
<4 00> 9 

gcgtgaagct aattctgctg 
20 



<210> 10 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 5 Reverse 
<400> 10 

actgacacga caacccgtac 
20 



<210> 11 

<211> 20 

<212> DNA 

<213> Artificial 



<220> 

<223> PCR primer: FAMILY 6 Forward 
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<400> 11 

gcgaagctat ggctcttgtt 
20 



<210> 12 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<22 3> PGR primer: FAMILY 6 Reverse 
<400> 12 

cacgttgatg tcgttcagtt 
20 



<210> 13 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 7 Forward 
<400> 13 

gcgaattggt gaagctactg 
20 



<210> 14 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 7 Reverse 
<400> 14 

agcatgagaa tgccgtaacc 
20 



<210> 15 

<211> 20 

<212> DNA 

<213> Artificial 



<220> 

<22 3> PCR primer: FAMILY 8 Forward 
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<400> 15 

ggcactatca aagagacaac 
2 0 



<210> 16 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer: FAMILY 8 Reverse 
<400> 16 

ctacatgctc ttgcattgtc 
20 



